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□ 11. Document ID: US 6096878 A 

L2: Entry 11 of 161 File: USPT Aug 1, 2000 

US-PAT-NO: 6096878 

DOCUMENT" IDENTIFIER: US 6096878 A 

TITLE: Human immunoglobulin V.sub.H gene segments and DNA fragments 
containing the same 

L2: Entry 11 of 161 File: USPT Aug 1, 2000 

US-PAT-NO: 6096878 

DOCUMENT -IDENTIFIER: US 6096878 A 

TITLE: Human immunoglobulin V.sub.H gene segments and DNA fragments containing 
the same 

DATE-ISSUED: August 1, 2000 

US -CL- CURRENT: 52£/23^^; .1 , 53^/23 .1 , 53^/23 . 51 

APPL-NO: 8/ 545809 

DATE FILED: March 27, 1996 

PCT-DATA: 

APPL-NO DATE-FILED PUB-NO PUB-DATE 371-DATE 102(E) -DATE 

PCT/JP93/00603 May 10, 1993 W094/26895 ^994^^' 1996^'^' Mar 27, 1996 



□ 12. Document ID: US 6090924 A 

L2: Entry 12 of 161 File: USPT 



Jul 18, 2000 



US-PAT-NO: 6090924 

DOCUMENT- IDENTIFIER: US 6090924 A 

TITLE: Human-Human CLNH5 - speci f ic antibodies 

L2: Entry 12 of 161 File: USPT 



Jul 18, 2000 
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US-PAT-NO: 6090924 

DOCUMENT- IDENTIFIER: US 6090924 A 

TITLE: Human-Human CLNH5-specif ic antibodies 

DATE-ISSUED: July 18, 2000 

US -CL- CURRENT: 53J1/JAR^; 4^/ 1 . 3 0 .1 , A2A/1 38.1. A2A/141 .1 , 4^/1 4 2. 1 , 

424 / 1 SS ■ 1 , 424/1 74 . 1 , A2A/17 B .1 , A2A/A5n, Ai5/3^ , 4aS/3Jil. A2S/3_6je., 

S30 / ^87 ■ 1 , S^n/ lft7.3 , 52n/3 88 .1 , 5^11/3 88 . 1 . S , miZ-^^l .1 , 53il/3^X^ 

APPL-NO: 8/ 482195 

DATE FILED: June 7, 199 5 

PARENT -CASE: 

This application is a continuation of U.S. application Ser. No. 08/443,809, 
filed May 18, 1995, now abandoned which is a continuation of Ser. No. 
08/163,281, filed Dec. 7, 1993, now abandoned, which is a divisional of U.S. 
application Ser. No. 07/113,212, filed Oct. 23, 1987, now U.S. Pat. No. 
5,286,647, which is a continuation-in-part of Ser. No. 06/573,974, filed Feb. 
21, 1984 now abandoned, which is a U.S. National Phase of PCT/US83/00781 , 
filed May 20, 1983, which claims priority to Japanese Application No. 
JP84843-3 and is a continuation-in-part of U.S. application Ser. No. 
06/465,081, filed Feb. 9, 1983, which issued as U.S. Pat. No. 4,618,577. 




□ 13. Document ID: US 6083703 A 

L2: Entry 13 of 161 File: USPT Jul 4, 2000 

US-PAT-NO: 6083703 

DOCUMENT -IDENTIFIER: US 6083703 A 

TITLE: Identification of TRP-2 as a human tumor antigen recognized by 

cytotoxic T lymphocytes 
L2: Entry 13 of 161 File: USPT Jul 4, 2000 

US-PAT-NO: 6083703 

DOCUMENT- IDENTIFIER: US 6083703 A 

TITLE: Identification of TRP-2 as a human tumor antigen recognized by 
cytotoxic T lymphocytes 
DATE-ISSUED: July 4, 2000 

US -CL- CURRENT: 4^S/ 2S2.^ , 12^/2 5 2. 3 3, A3-5/320.1 , A3i/225, 4JL5/69.3, 

53A/23^, 536 /23 . 5 

APPL-NO: 9/ 162368 

DATE FILED: September 28, 1998 

PARENT -CASE: 

This is a divisional application Ser. No. 08/725,736 filed Oct. 4, 1998, U.S. 
Pat. No. 5,831,016, herein incorporated by reference, which is a 
continuation-in-part application of U.S. application Ser. No. 08/599,602 filed 
Feb. 9, 1996, U.S. Pat. No. 5,840,839, which is incorporated herein by 
reference . 
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US-PAT-NO: 6084087 

DOCUMENT -IDENTIFIER: US 6084 087 A 

TITLE: DNA encoding conserved T-cell receptor sequences 
L2: Entry 14 of 161 File: USPT 

US-PAT-NO: 6084087 

DOCUMENT- IDENTIFIER: US 6084087 A 

TITLE: DNA encoding conserved T-cell receptor sequences 
DATE- ISSUED: July A, 2000 



Jul 4, 2000 



US -CL- CURRENT: S2lL./21 



53il/12A, SJ^/12R, S3il/13_Q, 53^/23 . 1 



APPL-NO: 8/ 963121 

DATE FILED: October 28, 1997 

PARENT -CASE: 

This application is a continuation of application Ser. No. 08/427,009, filed 
Apr. 24, 1995, now abandoned, which is in turn a division of application Ser. 
No. 08/229,285, filed Apr. 18, 1994, now abandoned, which is a 
continuation-in-part of application Ser. No. 07/766,751, filed Sep. 27, 1991 
(now U.S. Pat. No. 5,480,895). 
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□ 15. Document ID: US 6080848 A 

L2: Entry 15 of 161 File: USPT Jun 27, 2000 

US-PAT-NO: 6080848 

DOCUMENT- IDENTIFIER: US 6080848 A 
TITLE: Human brain associated protein 

L2: Entry 15 of 161 File: USPT Jun 27, 2000 

US-PAT-NO: 60808^48 

DOCUMENT- IDENTIFIER: US 6080848 A 
TITLE: Human brain associated protein 
DATE-ISSUED: June 27, 2000 

US -CL- CURRENT: 536 /23 .5; S3^/23 . 1 

APPL-NO: 9/ 071434 
DATE FILED: May 1, 1998 
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□ 16. Document ID: US 6077671 A 

L2: Entry 16 of 161 File: USPT 



Jun 20, 2000 



US-PAT-NO: 6077671 

DOCUMENT -IDENTIFIER: US 6077671 A 

TITLE: Method for isolating chromosomal DNA in preparation for 
hybridization in suspension 

L2: Entry 16 of 161 File: USPT 



Jun 20, 



!000 



^ lit' 6 



I0'3()'0() I 1:04 AM 



Record I.ist Display 



http://weslbrs:8820/biii/cgi-biii/accum query.pl 



US-PAT-NO: 6077671 

DOCUMENT- IDENTIFIER: US 6077671 A ■ 
TITLE: Method for isolating chromosomal DNA in preparation for hybridization 
in suspension 

DATE-ISSUED: June 20, 2000 

US -CL^ CURRENT: A2^/1R, 53^/25_^ 

APPL-NO: 3/ 047175 

DATE FILED: March 24, 19 98 

PARENT- CASE: . ^ .nr^^ tt n 

This is a continuation of Ser, No. 08/703,302 filed Aug. 26, 1996, now U.S. 
Pat. No. 5,731,153. 
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J 17. Document ID: US 6074840 A 

L2: Entry 17 of 161 File: USPT 



Jun 13, 2000 



US-PAT-NO: 6074840 

DOCUMENT -IDENTIFIER: US 6074840 A 

TITLE: Recombinant production of latent TGF-beta binding protein-3 
(LTBP-3) 



L2 : Entry 17 of 161 



File: USPT 



Jun 13, 2000 



US-PAT-NO: 6074840 

DOCUMENT- IDENTIFIER: US 6074840 A _ o \ 

TITLE: Recombinant production of latent TGF-beta binding protein-3 (LTBP-3) 
DATE-ISSUED: June 13, 2000 

US -CL- CURRENT: A2^/E^; 4^/ 252 . 3 , 42^/2 54 . 11 , 4^5/ 320 . 1 , A2^/22R, 52^/23^, 
^A£/24 .31 

APPL-NO: 8/ 479722 

DATE FILED: June 7, 1995 

PARENT CASE : 

The present application is a continuation-in-part of PCT/US95/02251 , filed 
Feb 21, 1995; which is a continuation-in-part of U.S. Ser . No. 08/316,350, 
filed Sep. 30, 1994, now U.S. Pat. No. 5,942,496; which is a 
continuation-in-part of U.S. Ser. No. 08/199,780, filed Feb. 18, 1994, now 
U.S. Pat. No. 5,763,416; the entire text and figures of which disclosures are 
specifically incorporated herein by reference without disclaimer. 
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18. Document ID: US 6071691 A 

L2: Entry 18 of 161 File: USPT 



Jun 6, 2000 



US-PAT-NO: 6071691 

DOCUMENT- IDENTIFIER: US 6071691 A 

TITLE: Materials and methods for modulating differentiation 
L2: Entry 18 of 161 File: USPT 



Jun 6, 2000 
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US-PAT-NO: 6071691 

DOCUMENT -IDENTIFIER: US 6071691 A 

TITLE: Materials and methods for modulating differentiation 
DATE- ISSUED: June 6, 2 0 00 

US -CL- CURRENT: 43.S/£., 435 / 7 . 1 

APPL-NO: 9/ 067284 

DATE FILED: April 27, 1998 



□ 19. Document ID: US 6066459 A 

L2: Entry 19 of 161 File: USPT 



May 22, 2000 



US-PAT-NO: 6066459 

DOCUMENT- IDENTIFIER: US 6066459 A 

TITLE: Method for simultaneous detection of multiple fluorophores for in 
situ hybridization and multicolor chromosome painting and banding 

L2: Entry 19 of 161 File: USPT May 23, 2000 

US-PAT-NO: 6066459 

DOCUMENT- IDENTIFIER: US 6066459 A 

TITLE: Method for simultaneous detection of multiple fluorophores for in situ 
hybridization and multicolor chromosome painting and banding 
DATE- ISSUED: May 23, 2 000 

US -CL- CURRENT: 4i5/£/ 52A/24.3, ExlR/2J^2± 

APPL-NO: 9/ 100104 

DATE FILED: June 19, 19 98 

PARENT -CASE: 

This is a continuation of U.S. patent application Sel:. No. 08/635,820, filed 
Apr. 22, 1996 
continuation- 
Dec. 20, 1995 
cont i nua t i on - 
Dec. 12, 1995 



now U.S. Pat. No. 5,817,462, issued Oct. 

n-part of U.S. patent application Ser. No 

now U.S. Pat. No. 5,936,731, issued Aug. 

n-part of U.S. patent application Ser. No 



6, 1998, which is a 
, 08/575,191, filed 

10, 1999, which is a 
. 08/571,047, filed 



now U.S. Pat. No. 5,784,162, issued Jul. 21, 1998, which is a 



continuation-in-part of U.S. patent application Ser. No. 08/392,019 filed Feb. 
21, 1995, now U.S. Pat. No. 5,539,517, issued Jul. 23, 1996, which is a 
continuation-in-part of U.S. patent application Ser. No. 08/107,673, filed^ 
Aug. 18, 1992, now abandoned. The specifications of each of these applications 
are hereby incorporated by reference. 



□ 20. Document ID; US 6060251 A 

L2: Entry 20 of 161 File: USPT 



May 9, 2000 



US-PAT-NO: 6060251 

DOCUMENT -IDENTIFIER: US 6060251 A 
TITLE: Amplification karyotyping 

L2: Entry 20 of 161 



File: USPT 



May 9, 2 000 
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US-PAT-NO: 6060251 

DOCUMENT- IDENTEFIER: US 6060251 A 
TITLE: Amplification karyotyping 
DATE- ISSUED: May 9, 2000 

US -CL- CURRENT: 42^/31 .2, 4:L5/-91 .5 

APPL-NO: 9/ 124429 

DATE FILED: July 29, 19 98 

PARENT -CASE: 

RELATED APPLICATIONS This application is a continuation of application Ser. 
No. 08/343,358 filed on Nov. 22, 1994, now U.S. Pat. No. 5,869,237, of David 
C. Ward and Peter Lichter entitled AMPLIFICATION KARYOTYPING which in turn is 
a File Wrapper continuation application of U.S. Ser. No. 07/960,256 filed on 
Oct. 13, 1992, now abandoned, which is a File Wrapper Continuation of U.S. 
Ser. No. 07/577,684 filed Sep. 4, 1990, now abandoned, which is a 
Continuation-in-part of U.S. Ser. No. 07/271,609 filed Nov. 15, 1988, now 
abandoned. The contents of all of the aforementioned application (s) are hereby 
incorporated by reference. 
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L2 : Entry 19 of 161 



File: USPT 



May 23, 2000 



hybridization and multicolor 



US 6066459 A 

c 

hromosome painting and banding 



??Sr;e™f™irnu^t;;;;;;>;tection cf_ multiple fluorophores for in situ 



?hf present invention relates in general to a method for -i-^-l^aneous detection 

fKi:~:?h:d1f "r:?"r d h.Je ' Ll^ ^t as hybridization b,,.d .ulticolor 
this m.thod 1. r.terr pr...nt invention for .imultaneous 

2""!oro£ »nu!plHlu"oph=?" is Elghly ..n.itiv. both in .p.ti.l .nd 

lltTTf r::; tSp!' l"i'a:d/"*ctao»oso., specific „ulticol„r biding 

, . -, . ^..^^ /„ q Pat No 5 936,731, to Cabib et al . , filed 

In a continuation application 'f' /^l' S^^^l'll^ '^^ fully set forth herein) 

r^^^ on 1 qqc; which is incorporated by reterence as it i.uxx/ o^v- t^. t 

:T?i°rd?frr:nrfiuororhrrrorrcLbf^^^ 

: piie° such as^uman and to provide a complete color karyotype. 

^ f„^ther features in the described preferred embodiments the 

According to still turtner reacureb j-u u „ = acted from the group 

c-Sting-f SS^S^Sg^ 

fill'' 7a 7b 7c 7d and 7a collectively show 24 normalized spectra of 24 pixels 
TlJl;.^'^ PX-. Sa and 9a -^^o^f^^-.P^r ihe^ch^^mefeL^ainted 
tirnlTliW^^^^^oJe^^l^ in Tables 3 and 4 below; 

fllV sa and 8b are an RGB image and a color karyotype (presented in ^^^f f"^ 
FIGS. 8a ana are ^esoectivelv of the 24 human male chromosomes (1-22, X 

tay] facHf thrchr;mrsref w^f pknted using a different chromosome paint as 
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detailed in Tables 3 and 4 below, obtained using the method of the present 
invention; 

FIGS^ lOa, 10b, IOC and lOd are (a) an RGB image, (b) a color karyotype derived 
fro!' it c) aclassification mapping of the image under a and (d) a color 
karyotype derived from c, respectively, of the 24 human male chromosomes (1-22, X 
and ?) each of the chromosomes was painted using a different chromosome paint as 
detailed in ?ables 3 and 4 below, obtained using the method of the present 
invention, all images are presented in black and white. 



DRPR: 
FIG. 



18 is a multicolor spectral karyotype of the gibbon species Hylobates 



concolor after hybridization with human chromosome painting probes; 

F?G''^22a, 22b and 22c are (a) a R-banding image using DAPI for chromosome 
staining (b) a G-banding image obtained presenting the negative image of FIGS. 
22a and (c) a color karyotype RGB image using human chromosome paints of a 
single mouse chromosome spread, all obtained using the SpectraCube .TM . system. 

££;bfs ors:bi-tirn^ ii ^^^-^^.'^i^^ ' 

presenf invention can be used for detection of f luorescently painted complete 
sets of chromosomes, multiple loci and/or chromosome specific multicolor banding 
!i e bar-coding) patterns from a species such as human, and to provide a 
:':!^:.! ^„i^s^Jn/k arvotvpe. wherein each chromosome is identified due to a 
f pecifyinq color and a complete multicolor chromosome banding pattern, wherein 
S^h chromosome is identified according to a specifying multicolor banding 
pattern . 

Sore 'than 5 000 genetic disorders have now been identified, many of which are 
More than :d,uuu 9^" aenetic defects. After the discovery that chromosomes 

Tr^thf i^i rs"o £edftrr"LSStion scientists reasoned that it should be 
JossibL to document visible defects in chromosomes that were responsible for 
specific disorders. In the 1960 -s, staining techniques were developed for 
microscopy-based classification of metaphase chromosomes ^P^^^J ^J^^^^^ ^as 

slides lor several decades, visual analysis of chromosomes banding Patterns has 
been used to correlate human genetic disorders with observed structural 
I C^Crm^lities in metaphase c hromosomes ■ Chromosomes are typically e^^^^ by 
brightfield microscopy after Giemsa staining ^^-t-^^^^^S^ ' °f ^^^^'"'"^JgjLl 
fluorescence microscopy after fluorescence staining (R-banding , to reveal 

additions, inversions and other defects that cause deformities and genetic 



diseases 
DEPR: 



from A to B will appear as a green area on a red chromosome (and vice versa) 
n^intina uses probes generated from an abnormal chromosome to identify DNA from 

identify and me;ningfully display a color human karyotype, using a single 
hybridization followed by a single measurement. 
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YAC-clones or BAC-clones and the -"^PP^^S sources of human DNA were used for 
cytogenetic and physical l^^PP^"^: and YAC-contigs that contain 
this endeavor, ^^^iationhybrxd cell lines and completion of this map allow, 
overlapping clones ^^^ ^^^^^^g^In th e genome specific clones that are 

to retrieve for virtually every ^^^^^^^ involved in inherited or acquired 

required to identify genes that are^causaixy _ ^^^^ ^.^^ niultiple YAC- or 



m X X ^ v> J. J- i. , 

the genetic and the cytogenetic map. 

DEPR: , u r.r ^ radiation hybrid panel (Stanford panel) 

AS an example, consider the ^^^.^^^^^^^^^^^ased on radiation hybrids. Genomics 
[see, Barret J. H. (1992) ^^^^^^^Z.^'l^/lhl Stanford panel contains a set of DNA 
{3, 95-103]. Each individual panel °J ^^'^^/^^'^ 5^000 Kbp . Each individual panel 
fr;gments with an average fragment size °f ^^^^,^[°°,i,/,£ fluorescent probes 
covers ca . 2 0% of the human genome^ therefore result in coverage of most of the 
derived from five such P-"f ^, ^"^i^^^'^^^^'^osomes . However, the fragments are 
genome and thus labeling of ^11 ^'^^f ^g^"^^^ Th erefore , the number of panels 
hrfrl ^^tr-: ^c^^pi^trcreUn^^the human genome is higher (e.g., 
6-10 panels) . 

?f ^s also conceivable that J^-^.^^-^.^L^^of of rtogenetic^di^agnrstf ^Led 

automated. Despite -°^-^''-^llll^'ll°jTo far not successful^ The approach 
on conventional chromosome ^^"'^^ ^^^3° 'p^i^able for the generation of a 

:bu;'?o.'f.r;„r.:jL i^^—iI\To?i:l. ........ ..„c.. 

DEPR: ^pscribed for the radiation hybrid panels, a 

In analogy to the scenario ^^^="5^^^^°^ chromosome could be achieved by 
multicolor banding pattern ^ °^ .^^^ ^ ^''^^^^^^^ insert clones such as YAC-clones, 
cohybridization of a set on individual ^^^9^^^^^^^^^ that is desired the use of 
Pl-clones, BAC-clones °^'^^P^^^^"fhese sources . In further analogy to the use of 
contigs (overlapping f > ^^^^^J^^anding pattern could be introduced by 
radiation hybrid panels, ^/"l^^^°i°^_^3''^r contigs with different f luorophores . 
deliberately labeling ^-^^J^fP^^f^^'^^^^d chromosome banding approach has as 
All advantages of the hybridization based c clonal chromosome banding 

compared to the use of chromosome P^^^^^ °^.^°^^ts clones as well. It will be 
described above, applies usage of large ins retrieval of clones 

appreciated by one o^'^^^-^^ll^f^ll^f, in chromosomal deletion would be even more 

frills that are useful in the attempts to ^enerat a multi>olor^band^^^ 

off the entire chromosome ^^^JPi^^^^^^^" .^^^ific sequences , YAC (or other) 
libraries that contain chromosome band speciti q ^^^^^ 
contigs, radiation induced hybrid ^^^^^Jf ^^^^^^..^/fragments generated by 
representation of human sequenceB or large chro y^^^ produce a fixed 

easily automated. 

DEPR: i,,v- v^^ndina oattern of chromosomes (i.e., multicolor 

The generation of a multicolor '=^'^^^^3 Patter spectral imaging, 

banding karyotype) and chromosome painting based on^^^ example (1) 

can be used for various additional appiicati ^^^^ ^^^^ individuals 
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performed to establish damages; ^i^' 

to reconstruct chromosomal r«^^r^"9«">^"^^„^^^^ ^^''"^dels of human diseases, in 
the analysis of £h-niosoma^^ ^,,3,^ 
particular .;;;-^^,^:/^!:Snetics ^hLein the Lmultaneous enumeration 

karyotyping; (iv) i^f^^Pl^^^^ Vntact interphase cells has application for the 
of chromosome copy number m intact ^"^^^P , ^ cancer research and 

detection of/neuploidies in prenatal diagnos^^^^^ ^.^^ ^^^^^^^^ 

diagnostic of minimal residual ' ""^ ^ , . , research tool for the analysis 

scanning microscopy this would become ^ splendid ^ ^^^^ diagnosis, 

of the architecture of the J-^^erphase ^^^--^in (v) ^^^^ 

dfrrcJly^ritrsCr^sec^io^ ^nf nS:rs^^os:fb?y\n Lmbinltion with confocal 
laser scanning microscopy or deconvolution algorithms. 

DEPR: , ^ , , • J ■ ^-,4- -; ^-r. H;:3ciPd multicolor chromosome banding, 

According to the method for hybridization based multic fragments 

the chromosome fragments may be of any ^^^^f human-hamster radiation 

are derived from radiation hybrid ^^^^ i^^^^, ^"gjc-clones , size separated 
hybrid cell lines, YAC-clones (e.g., ^°"'^^9^''^^^^^^°ra selected species or and 
endonuclease digestion products of a complete f^^^^^^^^^.^^i^^^, ounces of 
n>icrodissected chromosome ^^^gments from that JP-^^^^ ^^^^rifugation may be 
chromosome fragments such a%°'^f °'=J^^'^^J^^Lrinvention . Collectively the 

from a first species (e.g., mouse, monkey, etc^^ and th chromosome 
f . .^^^r.^ .p^.ies (e.g., human) . In ^ P^^f J^^J ^3 labeled with a different 
ni^^^iH^re grouped into g-^'fP^' KbeUng of the chromosome fragments 

^S^b^^achLe^d^bfrof exLpL^iRsTcrs^ch af Mu-^CR if the fragments are from 



FKWIC 



m 

human . 



. . „ ;,t- 37 dearee C. Certain probes, however, need higher 

Hybridization takes Pl^^^/^^l/^^^Hes in particular to repetitive DNA probes 
hybridization temperatures. This aPP^i^s in p , ^ ^^^^gi the stringency 
in order to ensure their ^^romosome specif icityUlterna ^^^^^ . ^^^^^ion 

can be increased by f ----f.^^t/,^^ Since during hybridization the coverslips 
solution, e.g. to 0 . 5 . times . bb^ iin=.x; , ^ , ^„ • reauired. A hybridization 

are sealed with rubber ^^^^^^^ . ^ moist chamber is not re^^ ^^^^.^ 

time of 12 to 16 hours i^^^^^^^^-^^J^^.^^^i^^iL^one overnight , however, if 



genome 
days . 



^E^^-- . ;ina1v7e multiple spectrally overlapping 

the present invention to measure and analyze multiple p ^ bio- imaging 

labeled probes (single and . ^^^f pourier ip;ct?oscopy, CCD-imaging 

which, as delineated above is a combination of ^^^^^^ . ^. P,^^ spectral data 
and optical microscopy enabling ^he measuremen visualize 
simultaneously at all points of a biological ^^mple, was ^^^^^ 

hybridization -^-^^rjIT^Sf^^ 

chromosomes and to gen erate a cu-n^x uici^ 

DEPR: . M t-hr-nnah 22 X and Y, Table 4) each 

For this purpose, 24 chromosome P^^f ^ J. ^^"^^J,^;' different flourophores 
labeled with ^ different combination of fi^^ or less^ ^^^^^ 3^ 

according to the combinatorial nybriaizatio spectral characteristics 

(see Table 3 for the different fl^^^^P^^^^^^^^^^^^^ii^ted in Table 3 to obtain 
and Table 4 for the assignment o£ the fluoroph^^^^^ ^n^^ ^^^^^ ^.^^^.^ 

24 r-^;nr.^ "7:e!ated ma!e whit e blood cells, prepared fo. 

gf?M-firrsfenfiaiIy ard^fcfibed in Hied et a. ^Kied et al 
-srn^^-:biL:rrra}1lurrLcLreTnd^d5^!raf iSi^ng microLopy. Proc . .atl. 
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Rr^^ri Sci USA 89 1388-1392] . Hybridized chromosomes were viewed through an 
inverted fluorescence microscope connected to the SpectraCube . TM . System and were 

analyzed . 

^ PT^o 1^-^ 8a-b and 9a-b . FIGS. 7a-e show normalized 

!Strf ^r^findlv dul 'pixllst'el^h^ofl different type of h uman chromosom, 
^22 X and Y) Numbers 1-22 and letters X and Y, refer to the chromosome type 
i "whicJ :ach if the spectra presented were ^-ived Note that the spectrum 
obtained from each of the 24 human chromosomes, as shown in FIGS. 7a e, ^itrer 
f^om all other spectra This difference may be large (compare, for example, the 
0^53 'nfe^LS^n'p^ak of chromosome IS and 11 in ' ° Vin'piG^V^r^Ad 

for example the Ca . 530 nm emission peak of chromosome 22 and Y m FIG . ^e) and, 

TnillT "i.l^^TZl a £?S?eLrb"we.; l.ry .i^lUr spectra can be 

S,ZTf,i uSing th. Sp,ctr.Cub,.TM. .y.t^» and th. m.thod of th, pr.«nt 

even by ine expert in the a?t, the ability herein demonstrated, far beyond 
exceeds that of any prior art cytogenetic technique. 

Jlf^a shows an RGB image of thus described painted human chromosomes, whereas 
"g' 8b shows a color human karyotype deri ved from the painted chromosomes of 
Wg 8a. Since it is not possible to literal ly describe 24 different colors 

lAv-!^ Pirq 9a and 9b which are otherwise identical to black and white FIGS. 8a 
ani 8b respectively, are a^so enclosed. Note that each of the chromosome pairs 
is painted in a dif f;rent color and that the color karyotype (FIG. 9b) is readily 
derived from the color image (FIG. 9a) . 

wftEVeference now to FIGS. lOa-d and lla-d. FIG. 10a shows an RGB image of 
"^■!:t:f hu^an chrlosomes of another individual, whereas FIG. 10b shows a color 
human v^ ^vorvne d i TI^TiTTrom the painte d chromosomes of FIG. ' /^^^ : ^""^ 

? d showTcILsification map o f the painted h ul^hromosomes ^nd derived 
karyotype of FIGS. 10a and 10b, respectively Since it ^^^^^^/^ 
literally describe 48 different colors and shades, colored FIGS, lla-d which are 
oti^'is^ identical to black and white FIGS. lOa-d, --P^^^-^^' ^^^^.^^^^ 

Mote that each of the chromosome pairs is painted in a different color 
:nd thS'thf co^or k:ryotypes are readily derived from the color images, both for 
RGB and classification mapping algorithms. 

^fthis Example the use of 24 different single and combinatorial probes combined 
f^o^ftve different basic fluorophores as prepared according to the combinatorial 
from five different pasic ^ Table 3) was demonstrated for human color 

cfr»oi»"Sry??^^ S. N.™"h2j.:;, Soi: oth.r »p.ci.. h.v. a gr..t,r nu»,b« o£ 
ifSiiSs "h?ch^P«hapa require, the u». o£ ^ore c^Pli-^-^ 
p„b". combined o£ ™or. ba.ic fluorophor.. . Y.C "'houldb. noted that 

:r:L'c!srrir;nrbr^r„;;?Jr.iiu:nn»L"rf ?iir« .ri?g"r^".J^ty 

iq"!v"ent?y ot better .ult Ih. purpo.. of displaying similar image.. 

i^^Z"^t ;bo5:""=L'^^.^r^L•f„d"p;.!^!^r:ii^^d »".pi 

R banding of two chromosome spreads as was photographed using a conventional 
K Panding ol uwu ^ ^ mo= nal and as was imaqed using the SpectraCube . TM . 
fluorescence microscope (12a, 13a) an^^^^ ^^^^^ ^^^^ _ 

bra;;r:ciat:d"?hat'although-:h; resulting Lryotype as depicted from these 
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Fiqures is abnormal to a large extent, it is impossible to identify specific 
translocations of chromosomes. FIGS. 12b and 13b and FIGS. 12d and 13d show (in 
bLck and white and color, respectively) RGB images of the same spreads as was 



O 




chromosomes. i^^^^ ^ _j - ^-u-;^^ 

with the chromosome 8 paint, suggesting increased copy number for this 



chromosome . 
DEPR : 



Tn addition to diagnostic applications in clinical and cancer cytogenetics as 
described above in examples 3 and 4 , spectral karyotyping according to the method 
of the present invention is a versatile research tool for comparative 
cytogenetics [see, J. Weinberg and R. Stanyon (1995) Current opinion in genetics 
and development 5 792-797] . Rearrangements which changed chromosome morphology 
during evolution can readiiy be visualized. For example, with reference now to 
FIGS 18 and 19, using the human chromosome painting probes of Example 2 it was 
possible to reconstruct the highly rearranged karyotype of a gibbon species in a 
sinaie hybridization. Thus, FIGS. 18 and 19 present a spectral karyotype of the 
g Cbon specLs Hylobates concolor after hybridization with human painting probes. 
Note that the gibbon X -chromosome is entirely painted w ith the human 
X-chromosome. Most of the autosomes e.g., chromosomes 19, reveal a banding 
pattern refl ecting multiple evolutionary chromosomal rearrangements. 



?n the study of evolutionary related species and in the study of model systems 
(?or example mouse as a model system for human) it is in many cases required to 
obtain comparative genome maps in which chromosomes of two or more species are 
afigned according to their sequence similarities and thus their -^romosome-borne 
qenetic information. Using the method of the present invention will facilitate 
obtaining such comparative maps. Consider for example the preparation of a 
human-mouse chrom osome comparative map. For this purpose a complete set of 
tZZZZ Tr^l^ ^^ET^ne of the species (e .g.. human) are to be simultaneously 
H..H°Td?°ed w! th chromosome spreads of th e other species (mouse in the given 
examplerand analyzed as d escribed above. The result is an image of the mouse 
karyotype painted with the human chromosome paints. Thus, an alignment can be 
made between the karyotypes of the two species. 




fragments . 
DEPR 



?he color bar code along the short arm of chromosome 7 was created using six 
different YAC-clones previously mapped close to one another at known locations 
onto the short arm of human chromosome 7. These six ^AC-clones were labeled with 
the above mentioned green and red f luorophores, in an f ^^^"^^^"9 . image 
accordinq to their known chromosomal positions. The colors shown in the RGB image 
obtained were similarly chosen using a suitable RGB look-up-table for enhancing 
the result Please note six different bars along the chromosome, each represents 
Ihl hybridization of a different clone. As opposed to the above description 
concerning chromosomes 5, 2, 10, 13 and 16, in this case i . e ., chromosome 7) , 
one can predict the banding pattern associated with the given chromosome, by 
selecting hybridization probes of known chromosomal origin. 



DEPR: 



For G- or R-banding mouse chromosomes where stained with DAPI . For color 
karvotvpinq the DAPI stained chromosomes w ere thereafter hybridized with a 
comSe^^ sit of human chromosome paints, as detailed under>ables 2 and 3 above 
In order to achieve optimal spat ial resolution, the objective used to acquire the 
DAPI images was xlOO and the triple filter cube typically used for color 
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^Jondf The reason for moving the scanner as described was to eliminate fringes 
fn^tf obtaL'^^irarer images. ^he relatively long -posure time is needed because 

n r i-u^ ^r^r^'nc,\r^/ of the DAPI dye is much less than that ot cne ocner 
fluorescent djes On^h^ otLr hand^DAPI is a stable fluorophore and does not 
bleach during time to the extent of other fluorophores such as ones ^^^d for 

? >.?-rAs. S"ir.tr.o.f"? i^ir^^^^ ^^^.^^Lf^^ 

Tnllrl function of'thJ g.n.r.l f o™ . I ■ ^ sub ,x, y .N_^I_.nb^x, y, "^'^J " 

eSch x" loc."on. ih. re.ult can be f.rth.t improved by .nhancing th. gray 

levels look-up- table . 

?hrcolor karyotype image of the same chromosome spread was also measured and is 
The color karyotype im g clearly observed that the correlation 

^rthos: images canlead to J high accuracy of chromosome identification. It will 
be ajpreciatid that it is much harder to identify mouse chromosomes as compared 

isfefnfS^in^^ a result 

f^rsc ^ntlLfS: capable of identifying -u-^^^----- /^^e^P^fs^nt ' 
the color karyotyping and/or the multicolor banding method of the present 
invention, identifying 

cTMHTTaNFmiq VISUALIZATION OF ALL HUMAN CHROMOSOMES IN DIFFERENT COLORS USING 
FlSeS IN SIto'h^BR^^IZATION, spectral bio- ima ging and RGB ALGORITHM 



DETL: 

TABLE 4 

Flourophores 

human chromosome 
human chromosome 
human chromosome 
human chromosome 
human chromosome 
human chromosome 
human chromosome 
chromosome X X c 



2 2 a,d,e human chromosome 
5 5 a,b,e human chromosome 
8 8 a,b,c human chromosome 
11 11 c,d human chromosome 
14 14 b,c human chromosome 
17 17 a,c human chromosome 
20 20 d human chromosome 21 
,d,e human chromosome Y Y a 



Chromosome Chromosome paint 

human chromosome 1 1 b,c,d 
3 a,c,e human chromosome 4 4 a,c,d 
6 a,b,d human chromosome 7 7 b,c,e 
9 d,e human chromosome 10 10 c,e 
2 12 b,e human chromosome 13 13 b,d 
5 15 a,e human chromosome 16 16 a,d 
8 18 a,b human chromosome 19 19 e 
21 c human chromosome 22 22 b human 



o^^^' ..v,^^ -In nlAim 7 wherein said method is for detecting a trisomy of a 
^enetTrm:teriarsfi:cteI'f:orthe group consisting of ^.^.n ^;;omosome 31 , human 

Z ^m^i K^nH 9la22 a fraament of h uman chromosomal band 21q22, human 

^.^^^^^^^^V. tL.t ot ^uman ^H.omosome IB, human chromosome 1. Ti^ a 

fragment of human chromosome 13 . 

Schrock et al . "Multicolor Spectral Karyotyping of Human Chromosomes ", 
Science, 273: 494-497, 1996. 

Speic:her et al , "Karyotyping Human Chromosomes by Combinatorial Multi-Fluor 

FISH", Nature Genetics, vol. 12, 1996. 

Pile- USPT ^^Y 23, 2000 

L2: Entry 19 of 161 ^^^^ 
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